Public school choice programs give households a free choice of public school and provide schools incentives to compete for students. Proponents of these programs claim that by the usual market logic, the forces of choice and competition will improve the quality of the education provided by public schools.
1 By the "usual market logic", we mean the idea that if consumers can choose, firms have to compete for their business and will therefore take actions to make their products more attractive to consumers. In simple price setting models, this involves setting lower prices. But more generally, such actions can involve improving products via greater attention to detail and efforts to innovate.
2 See Hoxby (2003) for a US-based review of the literature on charter schools and private school vouchers. 3 Of the 36 OECD countries for which data is available, families are given a general right to enroll in any traditional public school they wish in 15, but school vouchers for independent private schools are only available in 3 (OECD (2011), Table D5 .5). 4 In the US, a 2007 survey of parents suggests that 46.2% of public school students were given some choice of public school (NCES (2009), Table A -32-2) . In contrast, the most recent figures suggest that only 4.2% of all students attending US public schools attend a charter school (this figure refers to academic year 2011 -2012 -NCES (2014 , Table 216 .30). The fraction of US students eligible for a private school voucher is likely much smaller, since the overall fraction of students enrolled in private schools in Fall 2011 was 9.7% (NCES (2014), Table 205 .10) and many states and districts restrict voucher eligibility to particular groups of students or to students from failing schools (Kenny (2005) ).
5 Hastings et al. (2006) estimate households' school preferences in a public school choice setting and argue that preferences over schools' racial mix will weaken demand-side pressure in a public school choice system. that quality improvements will adversely affect the school's socioeconomic composition; the concern for unsuccessful schools is that despite quality improvements, they will be unable to attract parents. 6 She concludes that "any productivity benefits are most likely to emerge when competition among schools occurs on a level playing field" (p. 11). Echoing this concern, Rothstein (2006) concludes that "It...seems unlikely that choice programs can produce substantial market pressure...without careful attention in their design to the role of peer groups in parental choices" (p.1348).
In this paper we advance this debate by developing and analyzing an economic model of public school choice. Our model assumes that school quality (as perceived by parents) depends on the efforts of school personnel and the composition of the students enrolled. By incorporating peer preferences we capture the concern of choice critics. To capture the force of the pro-choice argument, our model assumes that schools have no incentive to exert effort pre-choice; post-choice, they would like to increase enrollment and can do so by increasing effort and thereby quality. Since choice proponents often claim that the equity effects of choice can be improved by policies that help disadvantaged students to exercise choice (e.g., transport
cost subsidies), we also analyze choice accompanied by this policy. Finally, we analyze choice accompanied by another policy that emerges naturally from our model: subsidizing schools for enrolling disadvantaged students.
Our model features one community divided into two equal-sized neighborhoods, each of which contains one school. The model is dynamic and the two schools are infinitely-lived; a new cohort of students is enrolled each period. Before choice, students attend their neighborhood school. Households differ by their socioeconomic status and one neighborhood contains more advantaged households than the other. After choice, parents can enroll their students in either school, but face a cost of attending the non-neighborhood school.
Parents value school quality -a function of school effort and student composition -such that under choice, they will choose the non-neighborhood school if the expected quality gain exceeds the cost. Expected quality is the quality observed in the previous period. This implies that parents are backward-looking, consistent with evidence (discussed below) suggesting that they choose schools based on information revealed in prior years (e.g., on school-average test scores). It follows that schools' effort decisions in the current period affect enrollment in the next period. Because they also influence student composition in the next period, they affect enrollment in the period after. Schools obtain utility from the revenue that comes with enrolling more students, but effort is costly.
The interaction between schools and households under choice defines a dynamic game between the two schools. The state variable in the game is the previous period's quality difference since this determines households' current period enrollment decisions. In each period, the two schools decide how much effort to exert recognizing that this will impact current period quality and thereby next period's state. We study the Markov Perfect Equilibrium of the game. We derive the conditions that characterize the equilibrium and solve these conditions numerically.
The numerical analysis of the equilibrium delivers a set of findings that have four implications for the choice debate. First, choice increases average school quality. This is because choice increases average school effort. Effort is the sole determinant of average school quality because that component of quality stemming from the composition of enrolled students is zero sum and thus washes out in the aggregate. Under choice, the two schools exert similar levels of effort which are higher than the effort exerted pre-choice. Moreover, these effort levels can be higher than the effort that would be exerted in the absence of peer preferences. The key to understanding these effort effects is to realize that there always exists a set of marginal students that are close to indifferent between their options and for whom the two schools are engaged in a "fair fight"(i.e., one in which they face approximately the same incentives). If advantaged students are more mobile, so that these marginal students have higher socio-economic status than average, this fight will be intense and the schools will exert more effort than they would in the absence of peer preferences. The converse is true if less advantaged students are more mobile. An important implication is that choice effects will be setting-specific.
Second, choice is associated with a type of equity-efficiency trade-off. The settings in which choice generates the largest increase in average school quality -those in which advantaged students are more mobile -are those in which choice generates the largest increase in the gap between the quality of the advantaged and the disadvantaged school (because the mobile advantaged students leave the less mobile disadvantaged behind). Third, choice can reduce welfare. This is because, in equilibrium, the two schools exert similar levels of effort and thus choice is driven primarily by the preference for better peer groups. Peer-driven choice is optimal from the household's perspective but wasteful from the perspective of society, since choice is costly and one household's peer gain is another's peer loss. This negative welfare conclusion is significant because, while the policy debate and the education literature do not consider welfare, from an economic perspective, it should be the ultimate concern. Fourth, policies that help disadvantaged students to exercise choice (typically intended to mitigate any adverse effects of choice on equity) will run afoul of the equity-efficiency trade-off and reduce average school quality. In contrast, policies that provide schools with incentives for enrolling disadvantaged students will increase average school quality. These policies work by "pricing in"the externality that arises because schools but not society care about effort effects on school composition. Importantly, they would augment the compensatory school finance policies that already exist in many settings.
The paper builds on three strands of empirical literature. The first includes studies of how households choose schools in public school choice systems (e.g., Hastings et al. (2006) ; Burgess et al. (2014) ). The main message to emerge from these studies is consistent with our framework: parents weigh the costs of exercising choice against the benefits of higher school quality. 7 The second includes evaluations of the impacts of public school choice on various measures of school quality (e.g., Ladd and Fiske (2000) ; Lavy (2010) ). The evidence (discussed in more detail below) is mixed, consistent with our claim that choice effects will be setting-specific.
The third concerns how the effects of public school choice are shaped by peer preferences. Although this has not been analyzed formally, Ladd (2002) invokes peer preferences to explain the apparently disappointing effects of public school choice in New Zealand. Similarly, Hsieh and Urquiola (2006) suggest that peer preferences might account for the disappointing effects of a large-scale private school voucher reform in Chile.
Rothstein (2006) devises a test of whether parents choose among US school districts (i.e., Tiebout choice)
on the basis of their effectiveness. He finds that they do not, and argues that the results are consistent with parents choosing districts on the basis of student composition.
To our knowledge, Epple and Romano (2003) is the only previous theoretical analysis of public school choice. They analyze the equity implications of public school choice in a model in which parents choose schools, choose neighborhoods and vote on taxes, and in which schools are passive. This complements Epple and Romano (1998), which analyzed how peer preferences shape the equity effects of private school vouchers in a model that features passive public schools and private schools that act as profit-maximizing clubs (Scotchmer (1985) ). To focus more clearly on school behavior and the efficiency effects of choice, we model the behavior of schools, but abstract from the neighborhood and taxation choices of households. McMillan (2005) models school behavior but considers competition between a single public school (or district) and a competitive private school sector and does not consider peer preferences. 8 MacLeod and Urquiola (2013) consider a specific source of peer preference -labor market signaling. In their model, which is focused at the college level, choice drives non-productive colleges from the market, but only provides strong incentives for student effort when colleges enroll students of mixed ability. Otherwise, wages will depend on the signal sent by college attended, and there are lower returns to student effort. Like other analyses of choice at the K-12 level, we abstract from student behavior.
7 In these studies, costs are typically measured by the distance from home to school, while quality is typically measured by school-average test scores. In our setup, costs can include psychic as well as transport costs, while school quality is simply the utility associated with attending a particular school.
8 Instead, he considers how the public school responds to voucher-driven changes in the private school options. He shows that when private school vouchers become more generous, public school effort can fall. The intuition is that a private school voucher can make the outside private school option especially attractive for higher-income students, thereby increasing the effort cost of keeping these students in the public school. As such, the public school can find it profitable to cater to higher-income students before but not after the private school vouchers become more generous. Manski (1992) simulates a version of McMillan's model that does feature peer preferences, but these are not the main focus of his paper and so he does not examine how they shape outcomes.
Our model is related to models in the industrial organization literature that deal with switching costs and network effects (Farrell and Klemperer (2007) ). Whereas we consider the impacts of peer preferences, papers in that literature consider the implications of size preferences (i.e., how do two firms compete when consumers' choices depend on each firm's market share). 9 The idea is that consumers want to buy (e.g., telecommunications) products with larger market shares so that they can, for example, share the same network as friends and colleagues. An obvious and important difference is that there is no price-setting in our model. Hence while this literature finds that these size-dependent preferences can generate "fat cat"
effects that soften competition between firms and increase price-cost mark-ups, it does not necessarily follow that peer preferences will blunt the incentive effects of public school choice.
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The rest of the paper is organized as follows. Section 2 introduces the model. Section 3 defines, characterizes, and solves for equilibrium under choice. Section 4, the heart of the paper, explores how choice impacts school quality and household welfare. Section 5 examines policies that might improve outcomes under choice.
Section 6 discusses our findings and Section 7 concludes.
The model
The model features a single community with a population of households of size 1. The community is divided into two neighborhoods,  and , each containing 12 of the population. There are two schools serving the community, one in each neighborhood. The school in neighborhood  ∈ { } is referred to as school .
The time horizon is infinite with periods indexed by  = 1  ∞.
Households differ in their socio-economic status. There are two types: rich () and poor (). The aggregate fraction of rich households in the community is  and the fraction in neighborhood  is . The parameter  is greater than 12, implying that  is the richer neighborhood. The parameter  measures community heterogeneity with  equal to 12 representing maximal heterogeneity. The parameter  represents the degree of neighborhood inequality with higher values of  representing greater inequality.
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In each period, each household has a child which it must send to one of the two schools. 12 Households care about school quality but incur a cost if using the school not in their neighborhood. This cost captures the additional transaction costs arising from using the non-neighborhood school. 13 The cost is denoted  and 9 It would be interesting to develop IO models of the impacts of peer preferences, since these characterize many industries (e.g., gym memberships, dating agencies). To our knowledge, no such analyses exist.
10 For example, Laussel et al. (2004) model the dynamic competition between two horizontally-differentiated profit-maximizing clubs under the assumption that the demand for these clubs depends on expected congestion. Because lower prices today lead consumers to expect more congestion tomorrow, firms face weaker incentives to lower prices.
11 Since each neighborhood contains half the population,  must be less than 12. 12 One could imagine a world with turnover in which new households with children enter the community each period or a more static setting in which fixed households have a sequence of children to educate. 13 These include any additional time taken to travel to school, additional expenses arising from higher transport costs, psychic varies across the households. In our base specification, for both rich and poor households, costs are uniformly distributed on the interval [0 ], so that the fraction of households with cost less than or equal to  ∈ [0 ]
is . Later in the paper, we will allow costs to differ across income groups.
Letting   denote the quality of school , a household living in neighborhood  with cost  obtains a period payoff   from using school  and a payoff   −  from using school . Similarly, a household living in neighborhood  with cost  obtains a period payoff   from using school  and a payoff   −  from using school . The quality of school  in period  depends on the effort it exerts in period  and on the fraction of its children from rich households. Thus,
where   is school 's effort in period    is the fraction of its students from rich households, and  is a parameter measuring the importance of peer composition.
The district provides schools with a per-student payment that exceeds the costs that an additional student creates. We normalize the per student surplus to one, so that school  0  payoff from period  is given by
where   denotes enrollment and  is a parameter measuring the marginal cost of effort. Schools discount future payoffs at rate .
Choice
We are interested in how school choice impacts school quality and household welfare. To create a benchmark for comparison, we suppose that before the choice policy is introduced, households must enroll their children in their neighborhood school. With the choice policy in place, households can choose either school in the community, irrespective of the neighborhood in which they live.
14 Before choice, each school's enrollment consists of the students in its neighborhood and thus is fixed at 12. Since enrollment is fixed and effort is costly, schools exert zero effort. Each school's quality is therefore determined by the fraction of its students who are from rich households (see (2.1)). Thus, in each period school 's quality is 2 and school 's is 2(1 − ). It follows that a household living in neighborhood  obtains a payoff 2 from enrolling their child in school  and a household living in neighborhood  costs resulting from loss of community, etc. 14 We ignore capacity constraints, assuming that both schools can accommodate additional students.
obtains a payoff 2(1 − ) from enrolling their child in school .
Under choice, households have to select their school at the beginning of each period. They cannot know what school quality will be since it depends on schools' effort choices during the period. We assume that households have myopic expectations, believing that school 's quality in period  will equal its quality in period  − 1. 15 It follows that a household living in neighborhood  with cost  will choose school  in period  if  −1 is at least as big as  −1 − and school  otherwise. Similarly, a household living in neighborhood  with cost  will choose school  in period  if  −1 is at least as big as  −1 −  and school  otherwise.
Given this notation, the fraction of rich children in school
and the fraction in school ,
It will be convenient to let ∆ denote the expected quality differential at the beginning of a period (i.e., the quality differential realized in the previous period) and ∆(∆) denote the peer differential between the two schools under choice in that period; i.e.,   (∆) −   (∆). It is straightforward to show that
This function, which plays a key role in the analysis, is graphed in Figure 1 for our benchmark parameter values (  ) = (1 05 075).
15 Concretely, one might imagine households visiting and researching schools in the period before they enroll each child. Effectively, what we are assuming is that households believe that whatever quality they encounter is predictive of what their child would experience if enrolled. Introspection convinced us that this was the natural assumption to make. Initial expectations in period 1 (i.e.,  0 and  0 ) are taken to be the school qualities prevailing before choice. 16 This expression assumes that ∆ −1 ∈ [− ]. The peer differential is increasing at an increasing rate for negative values of ∆ and decreasing at a decreasing rate for positive values. To understand its behavior, note that when ∆ equals 0, all students attend their neighborhood school and thus the peer differential just equals the difference between the fraction of rich in each neighborhood (i.e., 2(2 − 1) = 05). As ∆ increases from 0, all students from neighborhood  are enrolled in school  and additional enrolling students come from neighborhood . Given that neighborhood  is the disadvantaged neighborhood, this reduces the peer differential between the two schools.
As ∆ approaches , more and more students from neighborhood  enroll in school  and the fraction rich approaches that in the whole community. Meanwhile, the fraction rich in school  remains constant at the fraction in neighborhood . Thus, the difference approaches (2 − 1) = 025.
Discussion of the model
In developing a model in which to analyze public school choice, we faced several modeling choices. To help readers to understand the choices that we made, we briefly discuss the main ones here.
A first question was how to model the basic forces driving outcomes under choice; that is, the fundamental incentives facing households and schools. With respect to households, it seemed natural to assume that households must incur costs when choosing their non-neighborhood school and that these costs would vary across households. This is consistent with Epple and Romano (2003) and the empirical literature on how households choose schools (Hastings et al. (2006) , Burgess et al. (2014) ). It also seemed sensible to abstract from households' choice of neighborhood and of school financing because this would substantially complicate an already sophisticated model. With respect to schools, it seemed clear we needed schools to value enrollment since, without this, choice would clearly not be effective. To get enrollment to matter, we assume that funding depends on enrollment and the additional funds provided exceed the costs of higher enrollment. 17 We have in mind that surplus funds can be used to provide things that school personnel value. Examples include bonus payments, ancillary staff, professional development courses, field trips, classroom equipment, sports programs, musical activities and so on. McMillan (2005) and Manski (1992) make similar assumptions when analyzing public school responses to private school vouchers. Similarly, it seemed clear that we should ignore school capacity constraints and the possibility that school personnel are intrinsically motivated to provide quality. These assumptions along with the assumption that the cost to households of exercising choice are not too large ensure that choice is, potentially, effective.
A second question was how to model household heterogeneity and households' preferences over schools.
We see several advantages to our assumption that there are two types and that school quality, as seen by households, is just an additive function of school effort and the fraction of high types enrolled. First, the twotypes assumption yields a simple representation of community heterogeneity and neighborhood inequality.
Second, assuming that effort and composition are separable and that composition is "linear-in-means" ensures that average school quality is invariant to the distribution of students across schools and just equals the enrollment-weighted average of the effort exerted by the two schools. Although more flexible specifications may be seen as superior, it is not obvious how effort and composition interact in the production of school quality. Nor is it obvious that quality is a non-linear function of average composition, or that there is a more natural measure of composition than the average type. Similarly, we see our assumption that all households share the same view of school quality as reasonable because it is tractable and there is no clear-cut evidence on preference heterogeneity.
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Our specification of school quality as seen by households may remind readers of an education production function. For example, test scores are often assumed to depend additively on school effort and student composition. But there are important differences between the two. First, quality as seen by households will reflect their perception of school effects on a variety of outcomes (e.g., academic achievement, safety, future labor market networks and so on). Second, since we are interested in the implications rather than sources of peer preferences, our quality specification should be viewed as a reduced-form relationship between quality perceptions and composition. Quality perceptions can depend on composition because households observe and value composition (e.g., because they believe there are peer effects in the outcomes they care about) or because households observe and value other characteristics that are influenced by composition (e.g., schoolaverage test scores). For households to be indifferent to school composition, they would have to value a set of education outcomes that they believed were unaffected by composition and for which they could obtain composition-free measures of the school contribution. Hence even if there are no peer effects in the production of test scores, there would be good reasons to expect households to exhibit peer preferences. This claim is supported by the evidence on how parents choose schools.
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A third question was whether to employ a static or a dynamic framework. To study the same forces in a static model, we would have to assume that schools commit up front to providing particular levels of effort and that parents make their enrollment decisions anticipating those of other parents. This is possible, but we find it more natural to assume that parents are backwards-looking in their evaluation of schools and that schools adjust effort on a period-by-period basis anticipating its impact on future enrollment. An intermediate set-up would be a partially-dynamic model in which schools make a one-time and permanent effort choice in the first period and backwards-looking households make enrollment decisions period-by-period in response. This would be more analytically tractable than our fully-dynamic model. However, we felt that the one time effort choice assumption was sufficiently unnatural that we would, in any case, have to check that any conclusions emerging from the partially-dynamic model were robust to relaxing it. This suggested that we might as well tackle the fully-dynamic model from the outset.
19 Mizala et al. (2007) , who exploit quasi-random variation in the school value-added information (an approximation to school effort) observed by Chilean parents, find that parents do not respond to better value-added performance, an apparent rejection of the hypothesis that parents care only about value added. Three additional pieces of evidence point away from this hypothesis. First, Hastings et al. (2006) find that test scores do a much better job of predicting preferences than do value-added scores. Second, in a study of school choice in Chicago, Cullen et al. (2006) find that school popularity (measured by applications or the probability that an offer is taken up) is strongly correlated with school test scores but at best weakly correlated with school value added. Third, the above-mentioned Rothstein (2006) study finds no evidence to suggest that parents residing in highchoice areas engage in more "effectiveness sorting". As Rothstein (2006) argues, this is consistent with them having stronger preferences for student composition than for school value added. Finally, to us at least, anecdotal evidence and introspection casts doubt on the proposition that parents would be indifferent between two schools that exerted the same level of effort but enrolled vastly different types of students.
Equilibrium under choice
Choice creates a dynamic game between the two schools. The state variable in this game is the expected quality differential ∆ which determines each school's enrollment. If the schools make effort choices (     ) this period, the expected quality differential in the next period ∆ 0 will equal
is the realized quality differential this period (see (2.5)). We will look for a Markov Perfect Equilibrium of this game. In such an equilibrium, schools' strategies depend only upon the state variable ∆. Let   (∆)
denote school 's value function and   (∆) denote school 's strategy. Then, the two schools' strategies satisfy the requirements that
and that
Moreover, the two schools' value functions must satisfy the equations
and
An equilibrium consists of value functions   (∆) and   (∆) and strategies   (∆) and   (∆) satisfying these four equations.
Equilibrium characterization
Assuming that the value functions are differentiable, the first order conditions for the two schools' effort choices imply that:
Equation (3.5) says that for school , the marginal cost of effort (which is   (∆)) is equal to the marginal benefit (which is   (∆ 0 )∆ 0 ). This marginal benefit represents the impact of a higher expected quality differential next period. Equation (3.6) says that for school , the marginal cost of effort (which is   (∆))
is equal to the marginal benefit (which is −  (∆ 0 )∆ 0 ). The marginal benefit is that stemming from a lower expected quality differential next period.
To interpret the first order conditions, more information on the derivative of the value functions is required. Applying the Envelope Theorem to equation (3.3) and assuming that the equilibrium strategies are differentiable at ∆, we have that for school :
Equation (3.7) reveals that a marginal increase in the expected quality differential has three effects on school 's payoff. The first is to increase its enrollment, an effect which is always beneficial. The second is to change the peer differential. This effect influences school 's payoff via its impact on next period's expected quality differential. Figure 1 tells us that under the base cost specification, the change in the peer differential will be negative if ∆ is positive and positive if ∆ is negative. A negative change will reduce next period's expected quality differential and thereby reduce school 's payoff, while a positive change will raise it. The third effect is to change school 's effort, an effect that also impacts payoffs through its impact on next period's expected quality differential. The direction of change in school 's effort depends on equilibrium behavior and is unclear a priori. A reduction will increase next period's expected quality differential and thereby increase school 's payoff, while an increase will reduce it.
For school , applying the Envelope Theorem to equation (3.4), we have that
This tells us that a marginal decrease in the expected quality differential has three effects on school 's payoff. The first is to increase its enrollment. The second is to change the peer differential. Again, under the base cost specification, this change will be positive if ∆ is positive and negative if ∆ is negative. A positive change will increase next period's expected quality differential and thereby reduce school 's payoff, while a negative change will raise it. The third effect is to change school 's effort. An increase will raise next period's expected quality differential and thereby reduce school 's payoff, while a decrease will increase it.
Combining these expressions for the value function derivatives with the first order conditions, we can write (3.5) and (3.6) as
Moreover, we have that next period's quality differential is given by
These are the three equations that characterize the equilibrium effort levels.
It is clear from these three conditions that equilibrium effort levels must in general depend on the state ∆. If they were constant, then   (∆ 0 )∆ 0 and   (∆ 0 )∆ 0 would equal zero, and the effort levels would be equal (i.e.,   =   ). But then the common effort level would depend on ∆(∆(∆))∆ 0 which depends on ∆ -a contradiction. The only exception to this is when peer preferences are irrelevant, as happens when there are no peer preferences ( = 0) or there is no neighborhood inequality ( = 12). In this case, there exists an equilibrium under choice in which the two schools' effort levels are always 2.
In this equilibrium, the steady state quality differential will be zero.
It is also apparent from (3.9) and (3.10) that the two schools must in general choose different effort levels
of the other school's effort enters with a different sign in each first order condition which is inconsistent with the hypothesis of symmetric effort levels.
Finally, note that the only place that ∆ enters these equations is through the peer differential term ∆(∆) in (3.11). Intuitively, this period's expected quality differential ∆ determines this period's peer differential which, along with the two schools' effort levels, determines next period's expected quality differential ∆ 0 . Observe from Figure 1 that the peer differential is symmetric in the sense that for any ∆ in the interval [− ], ∆(∆) equals ∆(−∆). It follows that, assuming there is a unique equilibrium, the equilibrium effort levels for each school  will be such that for any ∆ in the interval
Beyond these three points, (3.9) and (3.10) do not reveal much about the nature of schools' equilibrium effort levels. The conditions are complex because each school's first order condition includes the derivative of its rival's future strategy. This complexity makes it hard to develop analytical results. Thus, we will solve for equilibrium numerically.
Steady states
The evolution of the quality differential in equilibrium is described by the difference equation (3.11). A quality differential ∆  is thus a steady state if
Assuming that the system converges to a unique steady state, we will use steady state outcomes to assess system performance. To simplify notation, we will let   and   denote the steady state effort levels
Solving for equilibrium
The solution procedure is as follows. As noted earlier, the equilibrium effort levels for each school  will be such that for any ∆ in the interval
. Thus, we just need to solve for the strategies on the interval [0 ]. We first conjecture (i) that the strategies are continuous on [0 ] and differentiable everywhere on (0 ), (ii) that the equilibrium converges to a steady state in which the quality differential lies in the interval (0 ), and (iii) that equilibrium strategies are such that ∆ 0 belongs to the interval (0 ) for all ∆ in the interval [0 ]. We then substitute equation (3.11) into the two first order conditions (3.9) and (3.10) and note that this yields a pair of differential equations in the unknown effort functions   (∆) and   (∆) defined on the compact interval [0 ]. To solve this pair of equations, we approximate the equilibrium effort functions with higher order Chebyshev polynomials. To find the coefficients for these polynomials we use both Galerkin and collocation methods 20 and confirm that the solutions under both methods coincide. Given these solutions, we verify our assumptions (ii) and (iii) ex post (i.e., that the equilibrium converges to a steady state in which the quality differential lies in (0 ) and that ∆ 0 belongs to
This procedure provides us with conjectured equilibrium strategies on the interval and the equilibrium converges to a steady state in which the quality differential lies in (0 ). Finally, given the strategies, we construct the value functions to verify that (3.1) and (3.2) are concave problems and, hence, solving (3.9) and (3.10) indeed amounts to solving (3.1) and (3.2) for all ∆ ∈ [− ] 20 See Judd (1992) . 
Equilibrium for a benchmark case
To illustrate the workings of the model, we now solve for the equilibrium for a benchmark parameterization which assumes that the parameters (     ) equal (1 05 075 075 10 095). The choice of 095 for the discount rate  is standard. The choices of 05 for the degree of community heterogeneity  and 075 for the degree of neighborhood inequality  have no particular significance and we will discuss the implications of different choices below. The choice of 075 for the importance of peer composition  is just a starting point and we will discuss the implications of varying it extensively. The remaining parameters, which are the upper bound of the cost distribution  and the school effort cost parameter  will be held constant throughout the analysis.
21 Figure 2 describes the equilibrium solution. The top panel graphs the effort levels of the two schools as a function of the quality differential. Three points are noteworthy. First, while the equilibrium effort levels do not vary greatly, they are smaller the higher is the absolute value of the expected quality differential. Second, while the two schools' effort levels are similar, for any given quality differential, school  exerts marginally more effort than school . Third, the two schools' effort levels are symmetric around ∆ = 0.
The second panel of Figure 2 describes the value functions of the two schools. As expected, school 's value function is increasing in the quality differential and school 's is decreasing. While certainly not concave, the value functions are close to linear. When the convex cost of effort is factored in, this means that the optimization problems described in (3.1) and (3.2) are concave problems. This implies that the solutions to the first order conditions (3.5) and (3.6) are optimal effort levels.
The bottom panel describes the dynamic evolution of the system, graphing how next period's quality differential depends on this period's (i.e., equation (3.11) ). Notice that whatever this period's quality differential, next period's will always be positive. This is because the peer differential is always positive (see Figure 1 ) and, in addition, school  exerts slightly more effort. As the top panel reveals, the difference in the two schools' effort levels is approximately constant over the entire range of quality differentials. As a consequence, the shape of the function describing next period's quality differential reflects the shape of the peer differential illustrated in Figure 1 . The symmetry properties of the two schools' effort levels and the peer differential imply that ∆ 0 is symmetric around ∆ = 0. This implies that the dynamic evolution of the system starting from initial condition ∆ is exactly the same as that starting from initial condition −∆.
The steady state quality differential can be found where the function in the bottom panel intersects the 45  degree line. It is clear that there is a unique steady state and that the system converges monotonically to it for any given initial condition. The steady state quality differential and associated effort levels (∆        ) turn out to equal (02907 00392 0039). Figure 3 illustrates the dynamic evolution of quality in the two schools starting from the initial condition associated with no choice. Immediately after choice is introduced, quality in school  increases. Thereafter, it varies sufficiently little that it appears flat. This reflects two considerations. First, since equal proportions of rich and poor households are attracted to school , the fraction of rich children in school  is constant.
Second, since the variation in ∆ is small along the transition path (as illustrated in the bottom panel), equilibrium effort provided by school  is relatively constant. Even though school  exerts slightly more effort in steady state, quality in school  falls. That is because the fraction of rich students falls as students from the disadvantaged neighborhood enroll. In the first period, quality falls by more than the steady state amount because myopic households overestimate the quality differential between the two schools and too many switch in. In the second period, households overreact to the fall in the quality differential and too few switch in. This adjustment process continues until about the fifth period, when the steady state is reached.
As illustrated in the bottom panel, the quality differential is reduced relative to the pre-choice situation but To gain some intuition for the equilibrium effort levels described in the top panel of Figure 2 , suppose that ∆(∆) were piecewise linear rather than the curvy shape illustrated in Figure 1 . 22 Then, conditions (3.9), (3.10), and (3.11) suggest the existence of an equilibrium with the following constant and symmetric equilibrium effort level
where ∆ is the constant negative slope of the peer differential on the interval [0 ]. This candidate equilibrium effort level is increasing in the enrollment return to effort (12), decreasing in the cost of effort (), and decreasing in the absolute value of the composition return to effort ∆.
The nonlinearity of the peer differential accounts for the difference between this constant-symmetric effort solution and the equilibrium effort levels described in the top panel of Figure 2 . In particular, equilibrium effort is decreasing in 4 on the interval [0 ] because next period's quality differential 4 0 is decreasing in 22 Imagine in Figure 1 , two line segments connecting (−1 025) to (0 05) and (0 05) to (1 025).
4 and because the composition return to effort is larger when 4 0 is smaller (i.e., the absolute value of (4 0 )∆ is larger as illustrated in Figure 1 ). 23 Because equilibrium effort is decreasing in 4, effort increases by school  (which increase next period's quality differential) elicit a weaker rival reaction than effort increases by school  (which reduce next period's quality differential). This explains why school  exerts slightly more effort than school . Since this a second-order phenomenon relative to the other forces shaping effort incentives (enrollment effects, effort costs and the first derivative of the composition return), it is not surprising that the equilibrium effort described in the top panel of Figure 2 is approximately constant and symmetric. 24 This is true in every case that we consider in the paper and it underpins many of our findings.
Finally, note that this symmetry property explains why a substantial quality differential remains under choice. Because the disadvantaged school is located in the disadvantaged neighborhood and can never turn local students away, it can only neutralize its peer disadvantage by providing considerably more effort than the advantaged school. Such an asymmetry of effort choices is not compatible with the near-symmetry of effort incentives facing the two schools. These incentives imply that the disadvantaged school remains lower quality in equilibrium.
Equilibrium with cost differences between income groups
As noted in the introduction, it is often argued that more advantaged households are better able to take advantage of choice. In our model, the way to capture this is to assume that rich households face a more favorable cost distribution. The simplest and most tractable way of introducing asymmetries between the groups' cost distributions is to assume that some fraction of each group of households (  and   respectively) are "immobile". Intuitively, these households are those who will never choose the non-neighborhood school (e.g., because they are unaware of their options, or have prohibitively high costs). By assuming that   exceeds   , we can examine how equilibrium changes when the rich are more mobile than the poor.
This extension complicates the equations of the model but in a way that is straightforward to analyze.
Enrollment in school  is now given by
Note that in contrast to (2.3) this function is not differentiable at ∆ = 0. Rich enrollment in school  is 23 The first part follows provided effort levels are not "too asymmetric". 24 Plugging in our benchmark parameters and assuming that 44 = −05 (which is the slope of the line segment joining (0 05) to (1 025)), we obtain  * = 004. now given by
and the peer differential is given by
Equilibrium is defined in the same way and equations (3.9), (3.10), and (3.11) still characterize the equilibrium effort levels. The difference is that the enrollment and peer differential functions are now given by (3.14) and (3.16).
To illustrate the implications of rich households being better able to exercise choice, we consider the case in which all the poor and half of the rich are immobile (i.e., (     ) = (1 05)). 25 The remaining parameters are as for the benchmark case. Figure 4 describes the equilibrium solution. The most striking difference between this and Figure 2 lies in the top panel which describes the equilibrium effort levels. These are increasing in the quality differential 4 when this is positive as opposed to decreasing in the basic model. Moreover, they are no longer symmetric around ∆ = 0. Underlying this finding is the fact that the peer differential in this case is increasing when 4 is positive as opposed to decreasing in the basic model. However, when 4 is negative, the peer differential is increasing as in the basic model. 26 Intuitively, because only rich households in neighborhood  are mobile, a higher quality differential attracts more rich families and therefore increases the fraction of rich children in school . Because the composition return is positive, schools have stronger incentives to exert effort. It is also the case that the effort levels of the two schools are even closer than in the baseline model and it is school  that puts in marginally more effort.
27 25 The solution procedure is slightly more complicated because the equilibrium effort levels are no longer symmetric around ∆ = 0. We deal with this by first constructing the equilibrium strategies on the interval [0 ] and then using these to construct the strategies on the interval [− 0]. It should be noted that equilibrium will not exist for all possible choices of  and . This is because there may exist ∆ such that the ∆ 0 associated with any candidate equilibrium equals 0. But at that point the functions (∆ 0 ) and ∆(∆ 0 ) are not differentiable and thus the first order conditions (3.9) and (3.10) are not well-defined. This problem can be circumvented by assuming that  and  are such that for all ∆ it is the case that ∆(∆) is positive. Then, provided that the effort levels of the two schools are similar in the candidate equilibrium, (3.11) implies that ∆ 0 is always positive. Intuitively, this assumption means that whatever the expected quality difference between the two schools, after households have made their choices, school  still has better peers. It rules out, for example, a situation in which all the rich are mobile and all the poor immobile (i.e., ( ) = (1 0)). In this case, if ∆ = −, all the rich would attend school  and only neighborhood 's poor families would use school . Clearly, then, ∆(−) would be significantly negative. By continuity, with only a small difference between the two schools' effort levels, there would exist some ∆ ∈ (− 0) at which ∆ 0 as described by (3.11) would equal 0 and the problem would arise. 26 The shape of the peer differential can be verified by plotting the function described in (3.16) with (     ) = (1 05). 27 Again, the non-linearity in the peer differential accounts for the difference between these equilibrium effort levels and the constant symmetric effort level. Equilibrium effort levels are slightly increasing in 4 because the composition return to effort is positive and because the peer differential function is concave. This means that the composition return is largest when 4 0 is small (i.e., when 4 is large). School  exerts more effort because an increase in school 's quality (which reduces the quality differential) elicits a weaker reaction from its rival. In particular, next period's quality differential is now increasing in the current period's when the latter is positive. Again, since the two school's exert almost identical levels of effort, next period's quality differential is just the peer differential (see (3.11)). As just discussed, the peer differential is increasing in the quality differential in this case. The change in shape results in the steady state quality differential being higher than in the basic model. The steady state quality differential and associated effort levels (4        ) equal (0415 0006565 0006567). Effort levels are lower despite the positive effect of the quality differential on the peer differential because so many households are immobile and hence the overall response of enrollment to the quality differential is lower. This underscores the point that the strength of any school effort response resulting from choice should be judged relative to the pool of mobile households.
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We are now ready to study the impact of introducing choice. We study its impacts on school quality and household welfare. The policy debate and the empirical literature have focused on the quality impacts of choice, both in the aggregate and across schools and communities. The focus on household welfare is more in the spirit of traditional public economics. 28 Measures of household welfare include the additional costs that households incur when they choose their non-neighborhood school, which we view as a legitimate part of the social calculus.
We begin by defining the precise quantities of interest. Recall that without choice, school 's quality in each period is 2 and school 's is 2(1 − ). Let (∆        ) be the steady state associated with the equilibrium under choice and assume that ∆  is positive. Using (2.1), the changes in the two schools' qualities are
The enrollment-weighted average change in school quality, which we denote by , is
The expression in (4.3) is so simple because changes in school qualities resulting from student composition are zero sum and hence wash out of the analysis.
Turning to welfare, three variables are of particular interest: the steady state average change in per period welfare of households in the two neighborhoods, which we denote   and   , and the average change in per-period welfare, which we denote by  . The per period welfare change from choice for households in neighborhood  is just
This reflects the fact that, since ∆  is positive, all households in neighborhood  continue to send their 28 This said, we do not consider school payoffs in our welfare measure. This is because we see the policy problem to which choice is one possible answer as improving school performance for given levels of educational spending. Eliciting more effort from school personnel is not considered a social loss. In addition, our model of schools' payoffs is too reduced form to permit a satisfactory accounting of the surplus accruing to school personnel and stakeholders. 29 The enrollment weighted average change in school quality is defined to be
where   is the steady state quality of school  under choice.
children to school  and hence the only impact on their welfare is how the quality of their school changes.
Households in neighborhood  are more complicated because some switch to school  and some do not. The non-switchers obtain a per period welfare change of   . Those who do switch obtain a per period welfare change of   + 2(2 − 1) − . Averaging over switchers and non-switchers, we obtain
Using (4.4) and (4.5), it is straightforward to show that the average welfare gain is
This shows that the average welfare gain from choice depends on the difference between two terms. The first term is the change in school average quality, which we know is just the change in school average effort. The Our findings concerning the impacts of choice on average school quality are summarized in:
Finding 1 Choice increases average school quality. When all households are mobile, stronger peer preferences reduce the gain in average school quality. When only rich households are mobile, stronger peer preferences increase the gain in average school quality.
The first part of this finding is unsurprising: average school quality depends solely on average school effort and schools exert zero effort without choice. The second part is more interesting and the intuition is as follows. When all households are mobile, there is a negative "composition return" to higher effort. In other words, other things equal, school  is reluctant to exert effort because this would decrease the peer differential between the two schools; school  is reluctant to exert effort because this would increase the peer differential between the two schools. When peer preferences are stronger, the composition return is larger, hence stronger peer preferences reduce effort incentives and lessen the increase in average school quality.
When only rich households are mobile, the composition return is positive and stronger peer preferences increase effort incentives and generate larger increases in average school quality.
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Turning to the impact of choice on the two schools qualities, our findings are summarized in:
Finding 2 i) In the advantaged school, when all households are mobile, choice increases quality when peer preferences are weak but reduces it once peer preferences exceed a critical level. Moreover, stronger peer preferences increase the reduction. When only rich households are mobile, choice increases quality and stronger peer preferences increase this quality gain.
ii) In the disadvantaged school, when all households are mobile, choice increases quality but stronger peer preferences reduce this quality gain. When only rich households are mobile, choice increases quality when peer preferences are weak but reduces it once peer preferences exceed a critical level. Moreover, stronger peer preferences increase the reduction.
Weak peer preferences mean that few households in the disadvantaged neighborhood exercise choice. It follows that in both schools, choice increases school effort without changing school peer groups. As such, choice increases quality in both schools. Stronger peer preferences mean that more households in the disadvantaged neighborhood exercise choice. When only the rich are mobile, household switching increases peer quality in school  and decreases it in school . Intuitively, school  creams rich students from neighborhood  and thereby increases its peer advantage and hence its quality advantage. For school , the costs of worse composition can exceed the benefits of higher effort, resulting in a decrease in quality. When all households are mobile, household switching decreases peer quality in school  and leaves it unchanged in school . Hence for school , stronger peer preferences reduce the quality gain (because they reduce the effort increase) but the quality gain remains positive. For school , stronger peer preferences generate a larger reduction in the quality gain (because they reduce effort and peer quality) and the quality gain is negative for peer preferences above some critical level.
Findings 1 and 2 suggest that when households have strong peer preferences, the effects of choice on school quality exhibit an interesting type of equity-efficiency trade-off: when introduced into an environment in which 30 Because effort levels depend on the quality differential, there is a second mechanism contributing to this finding. To see this, note that stronger peer preferences magnify the natural advantage of school  and induce some peer-driven choice. In the first case, this reduces the quality differential hence increases school effort (because effort is decreasing in the quality differential -see the top panel of Figure 2 ). In the second case, this increases the quality differential hence increases school effort (because effort is increasing the quality differential -see the top panel of Figure 4 ). rich and poor households are equally likely to take advantage of it, choice will decrease the quality difference between advantaged and disadvantaged school, but will have more modest impacts on average school quality; when introduced into an environment in which rich households are more likely to take advantage of it, choice will have a greater impact on average quality, but will increase the quality difference between the advantaged and the disadvantaged school.
Our findings concerning average household welfare are summarized in:
Finding 3 Choice increases average welfare when peer preferences are weak and decreases average welfare when peer preferences are strong. The decrease in average welfare associated with stronger peer preferences is greater when all households are mobile than when only rich households are mobile.
To gain intuition for this finding, recall that the average welfare gain from choice is just the difference between the average quality gain and the costs incurred by the switching households (equation (4.6)). In the context of Finding 1, we explained how peer preferences and mobility considerations impact the average quality gain.
Thus, we just need to understand the switching costs. When peer preferences are weak, school 's natural peer advantage has little attraction. As a result, few households will exercise choice and hence these costs will be low. When peer preferences are stronger, school 's peer advantage will drive more households to exercise choice. These switching households obviously benefit from their decision, but their benefit comes at the expense of households in the advantaged school and thus there is no aggregate gain. Welfare is reduced by the costs that these households incur and, for high enough peer preferences, these costs overwhelm the benefits of higher average quality. The decrease in average welfare associated with stronger peer preferences is greater when all households are mobile because in this case average quality is also dropping.
Turning to the impact on welfare in the two neighborhoods, our findings are summarized in:
Finding 4 i) In the advantaged neighborhood, when all households are mobile, choice increases welfare when peer preferences are weak, but reduces it once peer preferences exceed a critical level. When only rich households are mobile, choice increases welfare and stronger peer preferences increase this welfare gain.
ii) In the disadvantaged neighborhood, when all households are mobile, choice increases welfare and stronger peer preferences increase this welfare gain. When only rich households are mobile, choice increases welfare when peer preferences are weak but reduces it once peer preferences exceed a critical level.
Since no households in neighborhood  exercise choice, the change in welfare in neighborhood  equals the change in quality in school . Thus, the intuition underlying the welfare change in the advantaged neighborhood is just that used to explain the quality change. For neighborhood , the main difference between the welfare and the school quality results is that when all households are mobile, stronger peer preferences increase the welfare gain enjoyed by neighborhood  despite decreasing the quality of school . This is because the benefits enjoyed by those households who switch to school  outweigh the costs (of lower school quality) experienced by those do not. The benefits enjoyed by switching households also explains why, when only rich households are mobile, the neighborhood  welfare reduction associated with stronger peer preferences is milder than the school  quality reduction associated with stronger peer preferences.
We have derived all these findings under the assumption that the fraction of rich in the community  is equal to 05 and the fraction of rich in the advantaged neighborhood  is equal to 075. It is worthwhile to briefly discuss how changing these values alters the impact of choice. The first point to note is that when all households are mobile, the impact of changing  or  is isomorphic to changing . To see this, note that the equations characterizing the equilibrium (3.9), (3.10), and (3.11) depend on the peer differential (2.6) and its derivative multiplied by , along with the derivative of the enrollment function (2.3). The enrollment function does not depend on  and , while ∆(∆) just depends on the product (2 − 1). It follows that the equilibrium under choice and hence the steady state (∆        ) just depends on (2 − 1).
From (4.3) and (4.6), this implies that the average change in school quality  and the average change in household welfare  just depends on (2 − 1). Moreover, using this information along with (4.1), (4.2), (4.4), and (4.5), it is easy to verify that the other four variables only depend on the product (2 − 1). We may therefore conclude that, when all households are mobile, raising the fraction of rich in the community or the fraction of rich in the advantaged neighborhood has exactly the same implications for the impact of choice as increasing the strength of peer preferences.
When only rich households are mobile, the equivalence between changing  or  and changing  no longer holds. To see this, note that the enrollment function depends on  and  and changing each of the three parameters has very different implications for ∆(∆). Thus, to understand the implications of changing  or  further analysis is required. 31 This analysis reveals that an increase in  leads to a reduction in all our six variables. This makes sense intuitively because reducing the fraction of rich who live in the disadvantaged neighborhood reduces the effort incentive. While fewer households are exercising choice, this benefit is not sufficient to compensate for the reduction in efforts. An increase in  has more complex effects.
The change in average quality is increasing in , while the change in average welfare is decreasing. The quality increase reflects the fact that a higher fraction of rich in the population implies a larger group of mobile rich households in the disadvantaged neighborhood which boosts effort. The welfare decrease reflects the costs of greater peer-driven choice. At the neighborhood level, both the change in school quality and the change in welfare decrease in neighborhood . The costs of the exodus of rich households from the 31 Details of this analysis are available from the authors on request.
community therefore outweigh the benefits of greater school effort. In neighborhood  the change in quality and welfare is very slightly positive if the initial level of  is below its benchmark level and very slightly negative if the initial level is above. These neighborhood level changes reflect not only how changes in  are impacting the equilibrium variables but also the direct impact of  on the variables described in (4.1), (4.2), (4.4), and (4.5).
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Enhancing school choice
As noted in the Introduction, proponents of public school choice often claim that the equity effects of choice can be improved by policies that help disadvantaged students to exercise choice. In this Section, we consider choice combined with this policy. We also study choice combined with another policy that emerges naturally from our model: subsidizing schools for enrolling disadvantaged students. Finally, we analyze choice combined with a mix of these policies. Throughout, we take a balanced budget approach, requiring that the resources used to implement these policies come from within the school system.
Incentivizing schools to enroll poor students
We begin with the subsidy policy. The basic model assumes that the school district allocates surplus to schools according to the formula of 1 unit per enrolled student. Suppose instead that it provides a surplus of    1 per enrolled poor student and    1 per enrolled rich student. Maintaining budget balance by holding constant the expenditure at 1 unit per student requires that
Ruling out negative surplus, the relevant range of   is therefore [1 1 (1 − )]. Setting   = 1 yields the benchmark case.
Under this policy, for any   in the range [1 1 (1 − )], the two schools' strategies satisfy the requirements that   (∆) = arg max
Following the same steps as before, we can write the first order conditions describing the equilibrium effort levels as:
The only difference between (5.4) and (5.5) and (3.9) and (3.10), is that the value of a change in enrollment is more complicated. This is the only place where the policy parameter   enters directly. Notice that when ∆ is positive, then given the generalized cost structure introduced in Section 3.5, the enrollment value of a marginal increase in the quality difference is
Note that this is increasing in   if
Since  exceeds 12, this condition will be satisfied unless the fraction of immobile poor significantly exceeds the fraction of immobile rich. Assuming inequality (5.7) is satisfied, the maximum incentive for schools is obtained by setting   equal to its maximum level 1 (1 − ). The important point to note is that in all dimensions, the policy improves outcomes under choice. The reason is simple: the policy raises schools' equilibrium effort levels as they have greater incentive to compete for the marginal students in the disadvantaged neighborhood. It is still the case, however, that for sufficiently : Incentivizing schools to enroll poor students strong peer preferences, the aggregate welfare change under choice is negative. Moreover, quality in school  and welfare in neighborhood  is harmed by choice. We record this finding as:
Finding 5 When all households are mobile, then relative to the benchmark policy, a choice policy that provides schools with the maximal incentive to enroll poor students increases quality in both schools and welfare in both neighborhoods. However, when peer preferences are sufficiently strong, choice still reduces average welfare, welfare in the advantaged neighborhood and quality in the advantaged school.
Helping poor students to exercise choice
To permit a balanced budget analysis of policies that help poor students to exercise choice, we suppose that the school district has a fixed budget available for actions that encourage households in the disadvantaged neighborhood to take advantage of choice. In particular, we assume that these policies reduce the fractions of rich and poor students (  and   ) that are immobile. The idea is that immobility is driven by high costs or ignorance of the choice program and is therefore responsive to policies such as subsidies and outreach.
We further assume that by targeting its budget appropriately, the district can influence the extent of the reductions in   and   . For example, outreach targeted at the less-advantaged part of the neighborhood will cause a bigger reduction in   than   .
Formally, we assume that the combinations of   and   that the district can achieve with its budget satisfy an equation of the form
The parameter  measures the fraction of households in the disadvantaged neighborhood that are immobile.
This will depend on the size of the district's subsidy and outreach budget and is thus exogenous for our purposes. Targeting more of the budget to helping poor students exercise choice will result in a decrease in   and a compensating increase in   to maintain (5.8). A key attraction of this formulation is that when we vary (     ) in this way, we do not change the "direct" enrollment effect of a change in the quality differential. This can be seen from equation (3.14). The implicit assumption underlying this formulation is that a redistribution of outreach spending between rich and poor households will not change the overall fraction in neighborhood  that are immobile. Thus, the relationship between outreach dollars and immobility is linear.
We can now examine the implications of targeting resources to help poor students exercise choice. Given (5.8), such policies are equivalent to an increase in   and a compensating decrease in   . To illustrate the effect of such a policy, we assume that the district's budget is such that 50% of the households in neighborhood  are immobile after its outreach efforts (i.e.,  = 05). In addition, we assume that under the initial allocation of the budget, each group is equally mobile so that   =   = 05. We then consider a retargeting policy that increases   to 06 and reduces   to 05333. All other parameters are set at their benchmark levels. reduces average school quality and quality in school  but increases quality in school . This reflects the fact that both schools put in lower effort under the policy because a higher fraction of the marginal students are poor. Those households from neighborhood  switching into school  now contain a higher fraction of poor students which hurts school 's peer quality and helps school 's. Mitigating the impact on school  is the fact that there are fewer households switching in because the quality differential between the schools is smaller. The policy has very little effect on aggregate welfare but does lead to a small increase for high peer preferences (i.e., decreases the average welfare loss). This reflects the fact that less switching is occurring.
Welfare for the disadvantaged neighborhood is increased. We summarize these findings as:
Finding 6 Relative to a situation in which rich and poor students are equally mobile, targeting resources to help poor rather than rich students exercise choice decreases average school quality and quality in the advantaged school, but increases quality in the disadvantaged school. When peer preferences are strong, the policy increases the welfare gain from choice in the disadvantaged neighborhood, decreases the welfare gain from choice in the advantaged neighborhood and decreases the average welfare loss from choice.
Combining the two policies
This analysis of the policy of helping poor students to exercise choice reveals a simple point: while this policy does benefit households in the disadvantaged neighborhood, it blunts effort incentives and thereby reduces the impact of choice on average school quality. In other words, it runs afoul of the equity-efficiency trade off that we identified.
If such a policy is to be attempted, our analysis suggests that it might be profitably combined with a policy that incentivizes schools to enroll poor students. Figure 8 illustrates the effects of a policy which simultaneously increases   to 06, reduces   to 05333, and raises   to 2. Because this policy improves schools' effort incentives, it it seen to generate more desirable outcomes than a policy that only helps poor students to exercise choice. Moreover, when compared with a policy that only incentivizes schools to enroll poor students, it improves school quality and household welfare in the disadvantaged neighborhood. Nonetheless, even under this two-pronged policy, when peer preferences are sufficiently strong, average welfare gains remain negative. Again, this is because the two schools always exert similar levels of effort, so that choice is driven by peer differentials and hence is socially wasteful. We believe that the findings of the two previous sections have four implications for the choice debate. In this Section, we summarize and discuss these implications.
Public school choice increases average school quality
In our model, public school choice always improves average school quality. In one sense this is not surprising:
average school quality reflects average school effort and we assumed that schools exert zero effort in the absence of choice. Perhaps more surprising is that choice impacts on average school quality can be larger when peer preferences are stronger. Before working through the model, one might have speculated that when peer preferences are strong, the advantaged school would rest on its laurels and the disadvantaged school would give up. The key point is that there always exists a set of marginal students that are indifferent between the two schools. If these students are advantaged, then schools have strong incentives to compete for them; if peer preferences are strong, these incentives are even stronger. Of course the reverse is true when poorer students are more mobile, and this is precisely why policies that help disadvantaged students to exercise choice will blunt schools' incentives to exert effort.
Because the incentives to exert effort depend on the composition of households that exercise choice, our model suggests that the effects of public school choice will be setting-specific. This is consistent with results of choice evaluations, some of which conclude that choice improves measures of average school quality (e.g., the Lavy (2010) evaluation of an Israeli public school choice reform) and some of which conclude that it does not (e.g., the Ladd and Fiske (2000) evaluation of New Zealand public choice school reforms). 34 One explanation for the conflicting findings that is consistent with our model is that the households that exercised choice in New Zealand were less advantaged than those that exercised choice in Israel, so that New Zealand schools had weaker incentives to recruit them. Lavy (2010) is concerned exclusively with choice impacts on average outcomes and hence it is difficult to evaluate this possibility, but it is consistent with the Ladd and Fiske account of the New Zealand reforms. First, as our model would predict, Ladd and Fiske (2001) use school enrollment and composition data to show that post-choice, households gravitated from low-to high-quality schools (whether quality is measured by composition or achievement). Second, and also as our model would predict, Ladd and Fiske (2001) argue that when choosing schools, parents used "the mix of students in a school as a proxy for school quality" (p.49). Ladd's interpretation is that: "(S)uccessful schools in urban areas had no desire to expand their enrollment. To the contrary, they did everything they could to maintain the mix of students that made them attractive to parents and students in the first place..(S)chools with large concentrations of disadvantaged students have difficulty competing for students" (Ladd (2003) ; p.70). Although the New Zealand reform deviated somewhat from the assumptions underlying our model, and although it is not clear whether the students that exercised choice decreased the peer quality differential (a condition for the composition return to be negative in our model), these mechanisms bear a striking resemblance to those at work in our model.
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6.2 The effects of public school choice on school quality exhibit a type of equityefficiency trade-off
We have shown that when parents have strong peer preferences, the effects of choice on quality will exhibit a type of equity-efficiency trade-off. This trade-off stems from the dependence of effort incentives on the composition of the marginal students most likely to exercise choice. If the marginal students are richer than average (i.e., richer students are more mobile), schools will face strong incentives to recruit them and hence choice will have large impacts on average school quality. But choice will increase the gap between quality in the advantaged and the disadvantaged school, since the mobile rich students will leave the immobile poor students behind.
This trade-off implies that if public school choice is intended to impact school quality, then strong peer preferences are problematic for choice. Choice can increase average school quality by providing schools with strong incentives to compete for (advantaged) students. Alternatively, choice can reduce the gap between the quality of advantaged and disadvantaged schools by providing disadvantaged students with access to "good" schools. But choice struggles to do both. Put differently, the equity and the efficiency effects of choice cannot be cleanly separated. This is an important result, because the policy discussion surrounding choice has often focused on policies that can mitigate the equity effects of choice, without questioning whether those policies would impact the efficiency effects of choice.
Public school choice can reduce average household welfare
When parents have strong preferences and when schools compete on an uneven playing field, choice can reduce welfare. How is this possible given that choice increases average school quality? The answer is that since the two schools exert similar levels of effort, the school quality differences that cause households to exercise choice will be driven purely by peer differences. But peer-driven choice is wasteful, because choice is costly and peer quality is a zero-sum construct, such that one household's peer gain is another's peer loss.
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For the parameters that we consider, choice always reduces welfare when peer preferences are sufficiently strong (i.e., the welfare cost of wasteful choice outweighs the welfare benefit of higher effort). Notably, this is true even when only rich students are mobile so that stronger peer preferences increase schools' incentive to exert effort.
The underlying problem is that while choice is socially wasteful, the threat of choice is socially beneficial (since it elicits socially beneficial effort). When households have weak peer preferences, households threaten schools with choice, but do not exercise choice in equilibrium. That is because both schools exert similar levels of effort and hence provide similar levels of quality from the perspective of these peer-blind households.
But when households have strong peer preferences, they threaten schools with choice and exercise choice in equilibrium.
As noted already, empirical evaluations of choice consider indicators of average school quality, such as test scores (Lavy (2010) ) and measures of the quality of teaching and learning (Ladd and Fiske (2003) ). But these measures exclude the costs incurred by households that exercise choice. These costs are as much a part of the welfare calculus as would be the costs of hiring superstar CEOs to run public schools. Hence even if choice increases average school quality as proxied by these measures, the economist would not recommend the policy if it reduced average welfare. Put differently, empirical evaluations capture only a part of the welfare effects of choice: the benefits of the threat of choice but not the costs of choice being exercised.
Public school choice can be enhanced by other policies
As a result of the equity-efficiency trade-off that we have identified, policies that seek to improve the equity effects of choice by ensuring that choice can be exercised by disadvantaged households (e.g., by subsidizing the transport costs of poor students) will blunt schools' effort incentives and lessen the impact of choice on average school quality. This is important, since discussion of policies designed to improve outcomes under choice typically focuses on these types of policies. For example, in their "Proposal for Reform", Chubb and that need it...especially the poor and those located in rural areas" (p.221) and provide "Parent Information Centers" to handle the applications process and provide information, advice and assistance to parents. 37 Our analysis implies that this type of activity could lessen the effects of choice on average school quality.
Our findings suggest that when parents have strong peer preferences, outcomes under choice can be improved by a policy not usually considered in school choice discussions: incentivizing schools for enrolling poor students. This policy seems especially promising because it is a version of the "weighted-student financing" (WSF) that already exists in many settings. Under these formulae, schools receive funds in proportion to the number of students taught with adjustments made for student composition. Some WSF formulas are fairly involved; some are more straightforward. In the UK for example, the school funding formula includes a "pupil premium" which attaches additional funds to each of a school's students eligible for a free school meal. The policy that we have in mind would compensate schools for the additional costs associated with educating disadvantaged students (as at present) and provide an additional premium to incentivize them to exert the effort necessary to attract less-advantaged students.
Of course schools cannot attract less-advantaged students if it is costly for those students to move. That is why our analysis found that a two-pronged approach offers the best hope for achieving desirable outcomes under choice. First, policies that help poor students to exercise choice, with a view to ensuring that the disadvantaged school and the disadvantaged households are not left behind. Second, policies that reward schools for enrolling poor students, thereby ensuring the largest possible efficiency gains from choice.
Conclusion
This paper has presented an economic model of household and school interaction in a system of public school choice and used it to assess the impact of choice on school quality and household welfare. The analysis contains good and bad news for both sides of the choice debate. On the one hand, our findings suggest that even when parents have strong peer preferences, public school choice will increase average school quality.
On the other hand, peer preferences mean that increases in average school quality might be accompanied by an increase in the gap between quality in advantaged and disadvantaged schools and a decrease in average welfare. Moreover, policies traditionally thought to mitigate any adverse effects of choice on equity -helping disadvantaged students to exercise choice -will blunt schools' incentives to exert effort and thereby dampen choice's impact on average school quality. On a more positive note, the analysis suggests a policy that can mitigate some of the drawbacks of choice: namely, incentivizing schools to enroll disadvantaged students.
This policy is novel, but builds on policies already employed in many settings.
Of course our analysis is limited in many important ways. First, as discussed in Section 2.2, we make many strong assumptions. Second, in focusing on public school choice, we have ignored other types of school choice, notably choice of school district (i.e., Tiebout choice) and choice policies designed to enhance options outside of the public sector (e.g., charter schools and private school vouchers). It seems reasonable to expect that peer preferences will shape the effects of these other types of choice, but the institutional environments are sufficiently different that new modeling is required. 38 The careful study of these other types of choice is an important topic for future work. Third, we stress that our analysis has still not answered the question of most interest to policy-makers: given existing peer preferences, what does the optimal public school choice policy look like, and would this policy improve on the outcomes generated without choice? This is of course the key question, but our model is far too stylized to answer it. Nonetheless, we hope that our paper contributes by laying some of the necessary foundations.
